Regression of dietary copper restriction-induced cardiomyopathy by copper repletion in mice.
Dietary copper deficiency (CuD)(3) leads to cardiac hypertrophy in various animal models. We showed recently that heart failure develops after hypertrophy in FVB mice fed a CuD diet. The present study was undertaken to determine whether CuD-induced cardiac failure is reversible upon copper repletion (CuR). Dams of FVB mice were fed a CuD diet (0.3 mg/kg) starting from d 3 postdelivery; the weanling pups were fed the same diet until CuR with 6.0 mg/kg Cu in the diet at 4 or 5 wk of age. CuR at 4 wk of age prevented the body weight loss; at 5 wk of age, it resulted in the regaining of the lost weight caused by CuD. A significant regression of CuD-induced cardiac hypertrophy was observed in the CuR mice. Histopathological examination revealed that CuR eliminated CuD-caused lipid deposition in the myocardium, and electron microscopy demonstrated that CuD-induced ultrastructural changes such as mitochondrial swelling and organelle structural disarray were all reversed in the CuR mice. Hemodynamic analysis showed that the CuD-depressed systolic and diastolic parameters such as the maximal rate of left ventricular pressure rise (+dP/dt) and decline (-dP/dt), and the contraction and relaxation times were completely recovered in the CuR mice. Furthermore, the CuD-blunted myocardial responses to the beta-adrenergic agonist, isoproterenol, were also restored in the CuR mice. This study thus demonstrates for the first time that CuR results in the regression of heart failure induced by CuD as demonstrated by the reversal of depressed cardiac hemodynamic and contractile function and the restored responsiveness to beta-adrenergic stimulation.